Objective: Prolonged length of stay in intensive care units after congenital heart disease surgery is associated with poor outcome, places a considerable burden on the financial resources of hospitals, and is an organizational challenge as well. This research discusses the impact of perioperative factors on prolonged stay in intensive care units. Methods: This is a retrospective study examining the determinants of prolonged intensive care length of stay in 693 children after cardiac surgery. Univariate and multivariate analyses were performed for an intensive care unit stay over 3 and over 14 days. Results: Neonatal age, preoperative mechanical ventilation and preoperative myocardial dysfunction, complexity and duration of procedures, as well as postoperative complications (low cardiac output syndrome, bleeding, re-operation, acute kidney injury, sepsis, respiratory insufficiency, pulmonary hypertension, pneumothorax, postoperative cardiac arrest, pneumonia, and delayed sternum closure) prolong intensive care unit hospitalization over 3 days. Patients with acute kidney injury requiring renal replacement therapy, pneumothorax, pulmonary hypertension, need for re-operation during the same admission, and myocardial dysfunction prior to surgery are at high risk of intensive care unit stay over 14 days. Conclusions: Some patients with a risk of prolonged hospitalization may be identified preoperatively, the others just after the operation. Optimizing preoperative status and aggressive treatment of complications may have significant influence on the duration of hospitalization in intensive care units. The knowledge of risk factors may facilitate organizational procedures and rational bed management. #
Introduction
Owing to the development of surgical techniques, methods of myocardial protection, general anesthesia, and intensive care management, the results of cardiac surgery in children are still improving, and even the youngest children with the most complex congenital heart diseases can benefit from complete or palliative correction. In most cases, both the surgery and postoperative course are successful and uncomplicated. The introduction of 'fast track' [1] protocols has shortened the time of mechanical ventilation and the need for postoperative intensive care. In some centers, in uncomplicated cases, successful extubation is performed in an operating room [2] . Now, the median time of postoperative mechanical ventilation varies from 6 [3] to 48 [4] h, and the median length of intensive care unit stay (ICULOS) is 3 (5)-6 (6) days, depending on children's age. In spite of that, there still is a considerable population of children requiring longer time of intensive care treatment, even 70 (7)-240 (5) days. These patients are a great challenge for intensive care providers: they mostly undergo more complex surgical procedures, suffer from serious complications, and are still at a great risk of mortality. The prolonged time of hospital stay generates costs, which are a considerable burden for the hospital finances. In multidisciplinary hospitals, cardiac patients occupy up to 33% of all intensive care unit (ICU) bed days [7] . In many intensive care units, bed availability is at issue; hence, the rational bed turnover must be taken into account during operation list scheduling.
Long ICU stays after cardiac surgery are still quite a problematic issue and research continues into the impact of the perioperative factors on the time of intensive unit hospitalization.
The aim of our study was to identify the perioperative risk factors prolonging hospitalization in the pediatric ICU more than 3 days (60th percentile in our study) and more than 14 days (90th percentile in our study).
Material and methods
This study is a retrospective analysis including data of 693 children admitted to the Pediatric Intensive Care Unit of the Polish Mother's Memorial Hospital Institute between 1 January 2007 and 31 July 2008 after cardiac surgeries performed in the Department of Pediatric Cardiac Surgery of our institute. Data were collected from operative records and hospital charts. Fifteen patients were excluded from analysis because they were readmitted to the Pediatric Intensive Care Unit after primary procedures, owing to complications. Premature children after patent ductus arteriosus ligation were excluded from the study.
The aim of our study was to identify the factors influencing the length of ICU hospitalization.
The following factors were analyzed:
Length of stay in the intensive care unit in days (ICULOS), defined as the time between the admission just after the surgery till the day of discharge from the ICU to the Department of Cardiac Surgery. Two days is a median ICULOS time in our study group, while 3 days is a median time in similar studies [5] . Threeday ICULOS is the 60th percentile in our population; hence, we assumed that ICULOS up to 3 days can be treated as a standard ICU hospitalization after pediatric cardiac surgery. Fourteen days' ICULOS is the 90th percentile; hence, we described ICU hospitalization above 14 days as 'long,' which is consistent with previously published studies [5] .
The patients were divided into three groups to differentiate what factors prolong ICULOS just over standard time and what cause extra-long ICU hospitalization: -group I -standard length of stay -ICU hospitalization up to 3 days (60th percentile); -group II -medium length of stay -ICU hospitalization between 3 and 14 days (60th-90th percentile); and -group III -long length of stay -ICU hospitalization above 14 days. Preoperative risk factors: age, sex, presence of chromosomal abnormalities, need for mechanical ventilation prior to the surgery, prematurity, and myocardial dysfunction prior to surgery (assessed by cardiologists: left ventricular systolic function (LVSF) < 25% or defined as the need for inotropic support). Intra-operative risk factors: the complexity level of surgery graded according to both Basic Aristotle Score (BAS) [8] and Risk Adjustment in Congenital Heart Surgery (RACHS-1) [9] , cardiopulmonary bypass time, aorta crossclamp (CC) time, and the duration of transient hypothermic circulatory arrest. Postoperative risk factors: presence of low cardiac output syndrome (defined [10] : tachycardia, poor peripheral perfusion, oliguria, cardiac arrest, need for a 100% increase in pharmacological support or administration of a new agent, metabolic acidosis with an increase in base deficit >À4 each time the diagnosis was recorded in patient's file), postoperative circulatory arrest, significant arrhythmia (requiring pharmacotherapy or pacing), acute kidney injury [11] requiring renal replacement therapy (RRT) (indications for RRT [12] : more than 100% rise in serum creatinine and persistent oliguria refractory to aggressive use of diuretics -furosemide infusions 1 mg kg À1 h À1 over 4 h), pulmonary hypertension (diagnosed by echocardiogram, cardiac catheterization, or clinical features), sepsis (positive cultures with clinical indicators), pneumonia (positive cultures and radiological and clinical signs), intensive bleeding (excessive postoperative bleeding with the need of factor VII administration or re-operation; re-operation is performed if there is no response to three doses of rVII factor given in 15-min intervals and in all cases of rapid deterioration of clinical conditions) [13] , postoperative respiratory insufficiency requiring mechanical ventilation more than 7 days, delayed sternum closure (sternum left open in the operating room or reopened in the ICU), chylothorax, pneumothorax, and need for a re-operation during the same admission (excluding opening of sternum or bleeding control).
Statistical analysis
Qualitative variables: minimum, maximum, mean, median values as well as standard deviations have been assessed in three groups of patients. The analysis of variance was then performed and as the differences between the groups were found, the Scheffe's test was performed. Before analysis, all continuous variables were assessed for normality of distribution. Because almost all variables exhibited a non-normal distribution, nonparametric univariate analysis was performed: rang Kruskal-Wallis test and Mann-Whitney U-test. For qualitative variables, a chi-squared test was performed. Statistical significance was defined as p < 0.05.
Risk factors with p < 0.05 on univariate analysis were entered in the multivariate analysis. The multivariate logistic regression was performed; the odds ratio, confidence interval and p values were calculated for each risk factor. The unit odds ratio was calculated to assess the influence of unit change in complexity score on prolongation of ICU stay. Statistical analysis was carried out using the program STATISTICA.
Results

Study population
The study participants included were 374 boys and 318 girls, 172 neonates, 357 infants, and 163 children. A total of 546 procedures were performed with the use of cardiopulmonary bypass, 78 surgeries required applying deep hypothermia and transient circulatory arrest. Twenty-seven (3.9%) patients died.
Complexity of the procedures was assessed according to both BAS [8] and RACHS [9] . Mean BAS for the whole group was 8.08 (range: 3-14.5, standard deviation (SD) 2.95), mean RACHS 2.87 (range: 1-6, SD 1.30). Histograms of the study population according to complexity scores are shown in Figs. 1 and 2.
ICULOS
Minimum ICULOS time was 1 day (162 patients, 24.4%) and maximum 98 days (one patient). Mean ICULOS was 6.05 days, median 2 days.
There were 467 patients in group I -standard length of stay -ICU hospitalization up to 3 days (60th percentile) and 156 patients in group II -medium length of stay -ICU hospitalization between 3 and 14 days (60th-90th percentile). There were 70 long-stay patients (8.8%) in group III; nine (12.8%) of them died. Mean ICULOS in this group was 31.61 days (SD 19.252), with median 25.0.
The histogram of ICULOS in the study population is shown in Fig. 3. 
Univariate analysis
Univariate analysis has showed a significant association between majority of the assessed risk factors and ICULOS.
Factors influencing the length of stay in the ICU are as follows.
Age at surgery
Neonatal status is strongly associated with longer ICULOS. Mean ICULOS for a neonate was 8.69 (SD 12.84) versus 6.02 (SD 11.35) for an infant and 4.31 (SD 13.82) for a child; the difference was statistically significant ( p < 0.05).
Complexity of surgical procedures
Complexity of surgery assessed both by BAS and RACHS has a strong influence on patient ICULOS. Mean BAS in group I (ICULOS up to 3 days) was 7.26 (SD 2.45), and 9.87 (SD 3.11) and 9.57 (SD 3.29) in groups II and III, respectively. Mean RACHS in group I was 2.46 (SD 1.00), 3.67 (SD 1.47) in group II, and 3.74 (SD 1.43) in group III. Statistically significant differences exist between groups I and II and between I and III both for BAS and RACHS. The differences in BAS and RACHS between groups II and III are not significant.
Duration of the procedures
The duration of cardiopulmonary bypass and aorta CC time are risk factors prolonging the length of stay in the ICU above 3 days. Mean cardiopulmonary bypass time in group I was 78.56 min (SD 38.58), and 89.47 and 91.29 in groups II and III, respectively. Mean aorta CC time was 37.13 (SD 18.55) in group I, and 41.90 in group II and 37.94 in group III. The differences in cardiopulmonary bypass and aorta CC times between groups II and III were not significant.
The relationship between ICULOS and cardiopulmonary bypass time is not linear, but we observed that cardiopulmonary bypass time over 60 min significantly prolongs ICU hospitalization. Mean ICULOS for patients with cardiopulmonary bypass time <60 min is 4.6 (SD 8.26) and for patients with cardiopulmonary bypass time !60 min, it is 6.9 (SD 13.8) with p = 0.012.
Mean time of transient deep hypothermic circulatory arrest was 25.28 in group I, 26.24 in group II, and 25.25 in group III with no statistically significant difference between the groups. In our study, the time of deep hypothermic circulatory arrest has no influence on ICULOS.
Mechanical ventilation prior to surgery
The data are provided in Table 1 .
Myocardial dysfunction prior to surgery
The data are as provided in Table 1 .
Postoperative risk factors
In our study, all assessed postoperative risk factors, excluding arrhythmia, had a statistically significant influence on ICULOS.
A total of 492 (71%) patients had an uncomplicated postoperative course. As many as 93 patients (13.4%) had more than one postoperative complication. Patients from group II had approximately 0.32 complications, while mean number of complications in group III (long-stay patients) was [ ( ) T D $ F I G ] [ ( ) T D $ F I G ] 2.085 (SD 1.15). All patients with four and more complications had ICULOS over 14 days.
Univariate analysis -summary
The results of univariate analysis are summarized in Table 1 .
Sex, the presence of chromosomal abnormalities, prematurity, time of deep hypothermic cardiac arrest, and postoperative arrhythmia had no influence on ICULOS in our study group.
As we divided the patients into three groups on the basis of length of stay, we then compared which factors predispose to prolong ICULOS just over 3 days and what are the risks of long intensive unit stay (over 14 days). The chi 2 test, comparing group III versus group I + group II and group II + group III versus group I, was performed. In this manner, we have identified the factors predicting only ICULOS (over 14 days) ( p < 0.05): acute kidney injury requiring renal replacement therapy; pneumothorax; pulmonary hypertension; need for re-operation during the same admission; and myocardial dysfunction prior to surgery.
Multivariate analysis
Risk factors with p < 0.05 on univariate analysis were then entered in the multivariate logistic regression analysis to identify risk factors prolonging ICULOS >3 days with a higher probability. The highest odds ratios were determined for delayed sternum closure, acute kidney injury, and respiratory insufficiency. The results of logistic regression including odds ratios are presented in Table 2 .
For BAS and RACHS, we used logistic regression to calculate how progressive complexity of procedures changes the chance for standard ICULOS (<3 days). We calculated unit odds ratio and probability of longer ICULOS. We observed that difference in 1 point RACHS decreases the chance of standard ICULOS and increases the possibility of longer ICU stays (Table 3 ).
Discussion
Prolonged ICU hospitalization poses a major problem not only in our institution but also in other pediatric cardiac centers as documented by Brown [5] . In their cardiac ICU, mean ICU stay ranged 1-270 days with 12% of children staying An odds ratio greater than one implies that the patient exposed to a risk factor is more likely to have ICULOS >3 days. ICULOS: intensive care unit length of stay; LCOS: low cardiac output syndrome; AKI: acute kidney injury; p: probability; OR: odds ratio; CI: confidence interval.
in an ICU for more than 14 days. The problem of a prolonged ICU hospitalization is still generating interest because it has a strong influence on the admission policy, operation list scheduling, and costs. Besides, the length of stay is one of the main indicators of the quality of health care. Identification of factors influencing ICULOS after cardiac surgery can not only facilitate organizational procedures but may also lead to improving overall quality. In our study, we investigated the influence of potential perioperative risk factors on ICULOS of children after cardiac surgery. The important conclusion is that we can partially predict the prolonged ICU hospitalization preoperatively. Neonatal status, procedure complexity, preoperative mechanical ventilation, and preoperative myocardial dysfunction are independently associated with ICULOS. Mean time of ICULOS of patients ventilated preoperatively is 3.4 times longer than mean ICULOS of patients not ventilated. Our results are partially consistent with previously published analysis. Brown et al. [5] found correlation between long ICU hospitalization and neonatal age, surgery complexity, preoperative mechanical ventilation, and Down syndrome. Our study confirms the usefulness of scoring systems as means of evaluating the complexity of surgical procedures. We used both BAS and RACHS, and both accurately predict the possibility of longer ICU stay. Logistic regression analysis of the influence of RACHS on ICULOS and estimating a unit odds ratio showed that this system allows predicting theoretical ICULOS. The analysis showed a progressive increase in the probability of longer ICU stay with an increase in RACHS from class to class. The probability of long ICU stay of patients after procedures that assessed 6 points RACHS is very high -in our study 0.961(!). Our results are consistent with previous research. Mean time of ICU hospitalization of children after the Norwood procedure is now 11 days (range 2-85 days) [14] . Cardiopulmonary bypass time is now an accepted risk factor influencing ICULOS in both children and adults [5, 6, 15, 16] . In our study, however, the relationship between the cardiopulmonary bypass time and ICULOS was not linear (as it was in Brown's) [5] , and prolonging cardiopulmonary bypass time over 60 min considerably increased ICULOS. Contrary to Gillespie et al. [6] , we found no correlation between transient hypothermic circulatory arrest time and the length of hospitalization. Gillespie also found no correlations between postoperative complications and ICULOS, which was an issue in both our study and Brown's study. In our study, the influence of postoperative complications on prolongation of ICU stay was confirmed in both univariate and multivariate analysis. The highest odds ratios were determined for delayed sternum closure, acute kidney injury, and respiratory insufficiency. The longest ICU stays (mean ICULOS approximately 20 days) correlate with sepsis, respiratory insufficiency, pneumothorax, and need for re-operation. The overall incidence of sepsis in the examined population was 2.16%, which is comparable with the results presented by Barker et al. [17] .
In the mentioned study, sepsis prolonged the ICU stay over 21 days.
The group of long-stay patients is of great concern as they occupy intensive unit beds for even up to 220 (6)-240 (5) days (in our study 98 days (mean 31.61)), generate costs, and place a psychological burden on parents and intensive unit staff. They develop more life-threatening complications in the early postoperative period (in our study, mean rate of complications in this group of patients was 2.1 vs 0.32 for the rest of population), but are also at risk of serious secondary complications of intensive treatment. The predictors of long (over 14 days) ICU stay in our study were: acute kidney injury requiring RRT, pneumothorax, pulmonary hypertension, need for re-operation during the same admission, and myocardial dysfunction prior to the surgery. The influence of acute kidney injury requiring RRTon ICULOS is documented by other authors [18] .
The question arises: how can we benefit from the obtained results?
Our results indicate that optimizing the preoperative conditions and development of such surgical techniques that shorten the cardiopulmonary bypass duration can be crucial for shortening ICU hospitalization and can lead to an uncomplicated postoperative course. Unfortunately, our influence on preoperative and intra-operative risk factors is limited. We cannot change the complexity of the procedures and very often cannot improve the condition of the patient. Respiratory insufficiency due to cardiac failure will not resolve without surgical correction, and myocardial dysfunction will not disappear. The results of our analysis suggest that the main factors that can be influenced in practice are prophylaxis, early recognition, and aggressive treatment of complications. Only constant effort to improve the quality of care will change the outcomes. Excellent cooperation of a multidisciplinary ICU team, introduction of evidence-based treatment protocols, and analysis and documentation of complications proposed by other authors can be a way of improving our final results [19] [20] [21] . Our study, however, did not examine the usefulness of improvement strategies; hence, we can only suggest the possible measures.
There is another interesting result of our study. Although prolonged ICU stay (even up to 240 days) can be frustrating not only for the families but for the medical staff as well, the final outcomes are satisfactory. Despite the long and troublesome postoperative course (in our study, all patients with four complications stayed in the ICU more than 14 days), a vast majority of the long-stay patients survived, with only 12% eventually expiring. In Brown's study [5] , the mortality in the group of long-stay patients after cardiac surgery was 17%. In comparison, the mortality in a group of long-stay patients in general intensive care departments is evaluated between 4.6% [22] and 15% [23] . This is probably the best proof that Table 3 . The influence of the change of procedure complexity assessed by RACHS on the chance of standard intensive care unit length of stay (up to 3 days) and on the probability of longer (over 3 days) ICU stays. The results of logistic regression. As the procedure complexity increases the chances of standard ICULOS decrease and the probability of longer ICULOS increase. besides the child's individual condition, the quality of intensive care is crucial for the final outcome. Only cautious, high-quality everyday care may shorten ICULOS and eventually save patients' lives. The consecutive study has, of course, several limitations. First, it is a retrospective, single-center study with a limited number of patients. Second, the analysis of the predictors of long ICU stay may be performed in different ways. Gillespie, for example, proposed a completely different approach and analyzed different parameters. We hope our approach would greatly benefit for clinicians dealing with pediatric cardiac intensive care.
